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\zmz>mx$>z>mn zmzm-t&o 

[0 0 7 1 3 

J/:^7-Af c l~c 6, ^5fc^S2 2te, ^*L-r*UC@5gLT^#>;e#>& 
&ftmMM%i) t Wt < m. £ ti&o &tt%.m.M& ti> iS^ 3 ttoMES^-e* o T\ WIS 
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x m& «t zm& y « t i> izm&-r %> m 3 <D-%n \z.mi % m-c* * z m 

[0 0 7 2] 

EI 6 ^^-rK^^r-^-eti, H 1 (7)T-A#:c 1 £^i§?2 1 t <7)HI$stt^L 1 

*s^c 1 -t & mMmm& srb ^iste ztiho t tz^%mw. 2 2 tme<Dr~A 

|607-A# C 6<0fS:e^J:^^*^1-3^^i:(±^ffi-e^)^o Ltz 
^oT, ^ftgf 2 20{5M(i> ^4<7)T-A#c 4 i:$507-Afrc 5 to 
IfettlL 5 !<ZiQ^xmv l &ifcmmtfMM-fZ>—. Mot, |6<07-Afr c 
6 Oft^&TOM^^frSft&o 
[0 0 7 3] 

iJt^H12 2 KB^LTfS:lt<b*L£ ttiiM^ "C £> £ 2 r t f± 
, |6^T-A#c 6^ft^*T^J^*t1-^il:x3«lOmi^-e*^o 
A#c 1 ~ c %-t)^^\zmnWKmm-?Z>c\t\z&^T, iflMS r bCW 
Lt*6^7-A#c 6<0^T^»ltl.o 
[0 0 7 43 

<m*T<7)fifi (Tx, Ty, Tz) (i. ft^*T Kj3tf&iftJ|[ z tt^M^T 
x, y IIOIIT y is J; z «1IT z tl^to ifz&T-Afo<D 

^>2rt«U |6»7-A#c6 0»W4o H 6 ?)T- Afrc 
6 Ogg» ( q o , q a , q t ) ¥3fe^^2 r t ft# z ijftt I) HHJtS 
nMqo, ^ytt*t)«9 tcm^-T^^Jgq a. z HIS 0 KE1IE1-* 

AJS q t -e^fc-fo 

[0 0 7 53 
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r-A# c i iztti-z>m2<DT-Afoc 2<D®&Mfe*m2mme 2 1 u fH2 

C7)T-A#:c 2 C*tt-6^3«7-Aftc 3 <£>EI*££jg£& 3 £j£ 0 3 i:U i 
3«'T-Aftc 3Wft^|4(?)7-A#c 4 <Z)|IH£&/£ 4 ^Jg 0 4 tL, 
H4CDT-A#:c 4 K*J"f 5 OT- A^c 5 OEHg^|JS«:» 5 ft St 6 5 tL 
. |5^)7-A#c5 C^t^t6(07-A#:c 6 OHIt5^Jt £H 6 £jg 6 6 t 

[0 0 7 63 

0 7(4, 0 6 lZ^1-<DM<V*T*)VZK&Ltzfctfc*T*)l><D&mffi~?-^3-l'- 

v-tf v-? 2 o b ^^tit^^o m 7&£ifm8 KTFi-^-r^te, mm* 

[0 0 7 7] 

£U-&fl6<7)7-A#c 6tC^i-^ 0 £fc£t£#J:a f 3Hffi*^Ww;fc*t&*2 
C7)7-A#:e 2 (4, fW^TfrK&W Z>m 5 OT- A#: c 5 K*t/£-f& 0 SfcK 
K^J: Wflfi«:eT*;i/Hi5tt4*3 <7)7-A#e 3 W\ M<D*7*)i<\z&V2>t&4<n 

4(4, ^O^r-*;Vtciott^^3 ©7-Afrc 3 t^lS-r^o ifcHlEi3J:^fflfi 
^x;WCJbnt£|l5?)7-A#:e 5 f±, %<D*:7*fr\Z&tfZ>%i 2 C97-A#c 2 

rfr\,Zj3l1r&%l<DT-&fcc 1 K*fr£-*-&o t-RlS^i^^ffi^T*^ 
K*5lt&f£ 1 ~^6 <7)7-A#e 1 ~ e 6 t4, %<0*:T)\>\z&\jZ>& 6 1 CO 
7-A#c 6~c 1 USteLT-e-tL-r^jSf *o 
[0 0 7 8] 

£fcra^KRte^T*;w;:i3&t*#Mg5ffl$f 1 ~f 6> #7-A#e 1 ~~e 6 <£> 
@*S£i«q i ~q 6^^^T-A#(7)ttl^|^^vS i 0 ~ i 6 <> t tz, M<V* 



ffitE# 2003-3092773 



#11 2002-316760 



^-v: 27/ 



[0 0 7 9J 

&mW~?~^J- 2 0 AK*tLT, OT-A^e 3 h!jl4 <7)7-A#e 

4 i:SrjljBr-t-6M«I»***«:-6o ^fffi^^Wciott &#P^lpv- fcfo. * 2 0 
BT'f±, COMIp^F 3 (i, H3 joJ:^4 OT-A#e 3, e 4 <7)«i$|^Si£ 
^HlfETOL 3 i^bi9 (C^-T-A^e 3, e 4 <om$L£m$£&&^Mffi1r Z> 0 - 
OKIff^f 3i:iot, M3 &£Z/m 4 COT- Afee 3, e 4 f±, 5>>Ott*|£ 

[0 0 8 03 

Rlg^e-f^-Cli, R|E ; e7*/WC*5»t*l& 1 W7-A^e 1, -T^^^K^^t" 
^i6 07-Aftc 6<7>ft^L£T£, s b <E>ifc3tJ0§* * 0 £ 

s^s s t fi, ^tiitm&szm&t-r&o Km^Twt, #r-A#: e i~ e 
6ott»^#^Bsm$tLT-is^^^$tL^-^TO^j3v^T. mttm 

s biii^iMl s tl±, #T-A#c l-c6 

^ifijjcRjr z m& a mm z mm&&o mn zmisz mm 

[0 0 8 1 ] 

, *£2 1 £^{£plit£t Lfc*^, Xt'^s 1 ~^-r -7 7°s 6 ^Htf-r^o 

mmz&WjZt&tzttXD&T-Afoe 1 ~ e 6^Hlte^Jgq 1 ~q 6 £*#>£° 
[0 0 8 23 

^CJCRlE-tT'^^ LT^fc^T-A^e l~e 6 <7>0iE£j£ q i ~q 6 
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[0 0 8 33 

7ii?al/-^2 0OJ:^:, 3 sgtefcli, ifK^f 

^Ct»Lt#r-Afi:e 1 - e 6 q ! - q 6 Z<D^ ^ 

btltzK$ttT)l'K&tf&&T-J*ifce 1 ~ e 6 (DW&ftiBtq. ! ~ q 6 £K<7>^ 
fXCMt^iHaot, #T-A#: C 1 ~ c 6<7)|U$e^J^^ i ~ 0 6 * 

[0 0 8 4] 

^v-y-fs 1 1T\ ^-T-A^c l~c 6<7)I1I*S^JS0 l ~ 0 6 *j£i6Z>fz&<D 

mmxuzffdo mmumxa, #r-^# c 1 ~c 6<ommnme i -e 6 * 

^^tC^fcoT. HO^T*;V^i5tt*#T-A'ft:c l~c 6 0#4ttigft;fr|p]^-£fc 
H0-H6, |l(7)T-A^cUi2^7-A#c2 t<^EHS«|j^L 2 * ? #«| 
*R^'b«^-r*^JK, ^3<7)T-A# C 3 i|4!07-A^c 4 i: O EHgttjft L 
4 ##tt«Lfr ^5^7-A#c5if 6<7)7-A#c6i^)i 

mum-tZo *%ft<omBk-e\t. mm-bMm-fzm&mffiLL 2, L4, l6 

Kjtfro 

[0 0 8 53 

Xf7/s 1 2t?ti, HO^f'^/tCistt^M^SMS r b 
2 2 Ofigis £lFm^*Mnir2> 0 W%h?LZ>t, % 6 4>T- A# c 6 Oft^T 
Ofcfi: (Tx, Ty, Tz) £J:^t£ (qo, qa, qt) £Hjtf#U Xr^ 
7"s 13 Kit fro 
[0 0 8 6] 
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siE^7"^^ioit^*^2 1 <7>mm-\$, mttmrn^z s t tfmn&m&z sbo 

[0 0 8 7] 

S^2 1« (qx, qy, qz)i J t^t, E$^fiH:i>tt^I^t 

IPx, i»yiPy, »ltz*<OM*P zT^*>$*L& 0 T^Wdfc If & 

i^2 1«(qx, qy, qz) ii^m^SOjif (Px, Py, Pz 
) t W-StXf 1 4 Kjitro 

[0 0 8 83 

e 5 tme <DT-&fee 6 <Z> EUg*llig| L 5 t fjl 5 C7)7- A# e 5^6©7- 
A#e 6 OMt^it^At^ot, m 5©7-A#e 5 i:f6<7)7-A# 
e 6 fc*a^"t&«B5Hi&»tfc*L<5o i0 3*^tll^4^:*!)i:, if 
?lfIIf^|5<^)7-A#e 5 \zm^X%mh^h%^nMM7h^^fh^i 

[0 0 8 93 

[^1 3 

R 0] = Rx[a> Rzlqj ]• Rx[-a] 

R02 = Roi' Rzlq 2 l 

R03 = Ro2" Rx[a]- Rz[q 3 J- Rx[-a] 

R04 =Ros- Rzlq 4 l 

R 05 = R w • Rx[a> Rz[q 5 ]• Rx[-a] ( 1 ) 

[0 0 9 03 
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R o l ~R 0 5 {i ^ &M&M&*&T-Aft.e 1 ~e 5 KH^LTfW 

jgf-r££JS>"Cfc&o R o 1 K*5»t& « «U HI <7)T-A# e 1 i:i2^)7-A# 
e 2 £0@$Ettl|L 1^#T-A#e 1, e 2 OUfcHtC^LTM^ * AJS^Ifi 
*^1"o 1 £R o 3 i-£&t<£> a ti, ^3W7-A#:e3ti4(07-A#e4t 
OEHEHMftL 3J&*£T-A#e 3, e 4 <7)#j^^ LT«j^i"4ftJSOffiS:^i- 
o ££R o 5 K£&t£ « ti> |507-A#:e 5 tf6 (7)7-Afte 6 t<D®tfc 
ttl^L5^7-A#e5, e 6 <^«ll^^ LT«#-f &AJKOflt*^i- 0 2 £ 
qpq6l±> #7-AfO@feMt3bot, $ 1 1 
2 <7)T-A#:e 2 OIKE^IJK*. 0 1 AJt q l U |2©7-A#e 2 
a^307-Afte 3 0[hI*££|J££H2 AJ£q 2 ^ U H30T-A#:e3 fcfcj- 
t^|4(7)7-A#:e 4 OEHEAJK** 3 AJK Q 3 fc1"*o ttz% A (DT - 
e 4 Wtai507-Aft e 5 OHMEAft** 4 Aj£ q 4 <hU f507-A 
#e 5C*tni6©7-A*e 6 <Z>EU££j£T?£>& H 5 ^Jg q 5 t U H 6 CO 
T-A#e 6 K*t1-£*£2 1 ^m$5^Jg-C^^H6^Jgq 6 ttio #T-A 
#e 1 ~e 6co|aI$E3iJgq 1 ~ q 6 £-T-A#e 1 ~e 6 iF— MURK*!* 
?n-5-lft«SgC*v>t, ^-T-Affce 1 ~e 6<7)H]te^«q 1 ~q 6 fc-tfn 

[0 0 9 1] 

^rz [d] , Ry [e] . rx uj *±, mnmm&K#Lxttmmm& 
[0 0 9 2 3 
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[m2j 



Rz[0]= 



Ry[0]= 



Rx[0]= 



^cos0 -sin0 (Tl 
sin 0 cos 0 0 
0 0 1, 

f cos0 0 sinQ^ 
0 10 
- sin 0 0 cos 0 

(I 0 0 

0 cos 0 - sin 0 
0 sin0 cos0 j 



(2) 



(3) 



(4) 



[0 0 9 3] 

fcdtfRz [qj] li, (2) ^ZTF-f&j&frlzXHfZ e K^rti^tia i 3$*ft 

> cos ^3tr/<?)i^to i^is-^- r-j t*, i^&^-to 

ifci5^)7-A^e 5<£>ft^*p 5<7)HW±. $&C"C&t>ZiM>o 
[0 0 9 4J 

[^3] 



(5) 



[0 0 9 53 

iitfMi*Jii^il^7-A#e l«^,p 1 it??>ggjtlt£ i 0 £ L 
, 3$ 1 (DT-Afce 1 <Dft^*p 1 ^f>i2©7-Afe 2 <£>ft^£p 2 £~CC9 
£B8t£ i 1 t U |2W7-Afte2^ti*p2^f)|207-Afte30ft 
it£p 3 f -eoffiKt* i 2H, |3©7-A#:e 3 Oft^jftp 3 ^t>#4 07 
-A#e 4 0f^£p 4 t-eoffiBI* i 3 tt-So ttz^ A <DT - A^f e 4 Oft 
fuSp 4^t>I507-A^e 5<0ftit£p 5 f -e<7)ffg!lt £ i 4 i: I, 1507 
-A#e 5<Z)ft^*p 5^f>^6(07-Afte 6<7>ft^*p 6 f-COffiJi* i 5 





f°l 




'0> 




' 0> 




'0> 






P 5 = 


0 


+ R 01 - 


0 




0 




0 


+ R04 • 


0 




,ioJ 








[i2j 
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6 £ 1"&o 

[0 0 9 6] 

Sfclfc 1 OT-A#:e 1 coit^&v 1 fi> i£ 1 <7)7-A#:e Ui2<D7-A 
#e 2 ^<7)[lIf5|[6^L 1 tm 1 C0T-A#e 1 (Ottl^^lt-S^t^ot, 
31 1 OT-A#:e 1 t|2W7-A#e 2 £ilf£-f £g&55^f£tt *l& 0 itzM 
2 C0T-A#e 2 £>f^.£p 2 fi. |2(07-Afte 2 h|3©7-A#e 3 t 
OEItElft^L 2^iL, ^2<^)T-A#:e 2 hi307-Aff e 3 £ig|££&55- 

^4 0T-A#e 4 tcomisttliL 3 t if 3 <7)T - A#: e 3<7)tt^i:^M^-S 
Mot, fj!3 OT-A#e 3 ^^4 OT-A#:e 4 £ig|£1"&g|^::l&&t h 

[0 0 9 7] 

Sfc|4©7-Afl:e 4 ^t^p 4 fi, fM <7)T-A#e 4<h^5<7)T-A 
fte5 £O0^$&|&L 4 75> ? }fiiL. fM<£>T-A#:e4 til 5 OT- 5 £ 
£*Tf &«555"KtS:»t*>*L£ 0 i tzm 5 <7)T-A#e 5 ©ft^Cp 5 t±, ^5C0T 
-A# e 5 ^6<7)7-A#e 6 t ^l^iiL 5 ii5<07-A#e 5<Oill 
H^it^^^ot, ^5<7)T-A#:e 5 <hfjl 6 OT- A#: e 6 £5Sf£1-& 
S|5^tCiStt^tt^>o * fcH6 OT-A#:e 6 Oft^S p 6 fi, f£6<7)T-A#:e 
6 £ft£2 1 fcOBIfcttiUlL 6^JfIU 1607-Afte 6 t*^2 2 

[0 0 9 8] 

(5) j^£>, 3 W3c £(7>{5z:e> t^^t)i5(7)7-A#:OftE*p5^^ 
SiiiW^o s bC^t^I^II^S s tOSgftffyiJR 

uh£;K*6&o ^OlESMf^jR u hit, Mtaot^^Wo 
[0 0 9 9] 

[14] 

Ruh = Rx[qx]- Ry[qy]- Rzfqz] — (6) 
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[0 10 0] 

ttz (7) |5<7)7-A#e5^mfip5« (Pwx, P 

wy, Pwz) c7)tHjt£^#>&-£^£.?> 0 ZhKfe&-$-Z > m¥t*ftltztbK 
, I5<7)7-Afte5 0{m^p5«^ (8) ^tc^i-^ 0 
[01013 

[^53 





rp x > 




r o > 




'Pwx^ 


p5 = 


Py 


-Ruh 


0 




Pwy 




[PzJ 




^i5 + i6 j 




,Pwz ; 





' Pwx > 




Pyn = 


= Pwy + Pwz - iO 


(8) 


^PznJ 


v Pwy - Pwz - iO y 





[0 10 23 

1 ^m*p 1 ^-e^gg^l i 0 £M#L^y z^P#1BP y n £^#>& 0 £ /:yS 
^^zil^ilL, $^iC^^m*T^^^l<7)T-A#:e l<7>ftit£p 
1 ^-ecogg^l i 0 ZmWLfz y zlffP z n £;£#>& 0 
[0 10 33 

±ijEL^i9 H^5C0T-A#e 5<9ftiu£p 5 3 143c £ <b & & 0 L£tf ? 
oT (7) S^i^t^-tCio-T, 3^X*P 5 o{£g£;£#>&<rt 
h 0 3$4^<SO{ig£;|c#>& 1 5 KJtOo 
[0 10 43 

^x -7-7°s 1 5ti±, t^mttT^K&n&^rmu^-^j-v-? 2 oa£ 

fiM^^t, m 1 ~^3 <DT-A#c e 1 ~ e 6^)0^SQ i , Q2, Q3^ 
[0 10 53 
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) ^-e^^^^^o (9) jUC&V^T a Ill (7)T-A#e 1 £fjl2 <DT-2» 
#e 2 i:<7)[iI*5ttltL £r-A#e 1, e 2 <Dmffltt~tt LXM&-f2> AJS 

(10) 5£T^;b£*i&o 
[0 10 6] 

[i£63 

R 01 =Rx[a]- Rz[Qj- Rx[-a] 

^02 = ^01* Rz[Qol 

R 0 3=R 02 -RytQ 3 ] - (9) 



[0 10 7] 

[i^73 











p5 = R 01 • 


0 


+ Rq3 ' 


0 




,1; 




, nr > 



[0 10 83 

^Jn&m&WTfrbm 1 COT-Aff e 10ft^,£p 1 £-??>SBgt i 0£ 

3<Oftiu£p 1 ( i 1 + i 2) ^UU H3<7)y-A#:e 3 <DiX%. 

j£p 3K^5W7-Afe5«*p 5 $-C<7)Sggt ( i 3 + i 4) £H 1 O 
T-A#e 1 <7)ftiL£p 1 ^<b^3 C0T-A# e 3 <D\X%. * p 1 £-COgg$t ( i 
1 + i 2) co^M (i3+i4) / (i 1 + i 2) ^nrtf^o 
[0 10 93 

IM5^)7-A#e5(7){mSp5(i, ±5£T»«b*L&f&K, Hi OT- 
lOftlfip H^i3W7-Afre3^Ifip Ht« (i 1 + 
i 2) £3MTU 2bKZ<7)mKttttm&Tfrbmi<OT-Afce l<Dtt&& 

p i f -coj£g£ i o fcflnirLfcfifcfcSo do) *n*^v>r. ^5<7)t-a 
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foe 5<Dftm&P 5 tfMig t&<D (11) 
[0 1103 

[§£83 





'P5x> 


p5 = 


P5y 




,P5zJ 


P5x = 


-sin a 




+ nr( 


P5y = 


-cos a 



+ nr(cosQ 3 (-cosa • sin a + cosa • cosQj • sin a) 

+ (cosa cosQ 2 sinQj +(cos 2 a-cosQj +sin 2 a)sinQ 2 )sinQ 3 ) 
P5z = cos 2 a + cosQ! sin 2 a + nr(cosQ 3 (cos 2 a+cosQj sin 2 a) 

+ (cosQ 2 - sin a sin Q, 

+ (-cosa sina +cosa cosQ! sina)sinQ 2 )sinQ 3 ) 

••• (11) 

[oiii] 

(11) 1 <DT-J±foe 1 tm2 COT- A foe 2 t<9[iM£*&j&L 1 t * 

tlb<D&T-Afoe 1 , e 2<nmM.t<DMm.a& 4 5Btt-t&£. (12) St 

[0 112] 

[fc93 

1 cosQj (( 1 cosQj^ fcosQo sinQ, fl cosQ.^ . ^ "\ . _ ^ 

r^ +n l[r^r Q3 H"^r^ + b 2 J su,Q2 J s,nQ3 J 

- (12) 



P5 = 



[0 113] 

ifc|507-AflCe 5<7)ft^*p 5«xillp 5 x t^flM P x 
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e 5<7Mm*p 5 0»#z*l&*Ilp 5 z t ZtimLfzy z ftPlf IB £ inT y z #p|f: 
IISP y n, ^5C0T-A#e 5tf>ft^.£p 5 0»IziI«p z ZffiWLfz 
y zilif^fyzifilSPzn?: (13) 5£K^- 0 
[0 114] 

[mi 0] 

P5x = Pxn = nr cosQj • cosQ 2 • sinQ 3 

sinQjd+nr cosQg + nrsinQ 2 sinQ 3 ) 

P5y + P5z = Pyn 

= V2(nr • cosQ 2 • sin Q! sin Q 3 

cosQj(l + nr cosQ 3 +nr sinQ 2 sinQa)^ 

+ li J 

P5y-P5z = Pzn = l + nr cosQ 3 -nrsinQ 2 sinQ 3 

- (13) 

[0 115] 

iOj:9i:SMiU ( 1 3) $:Z&5LLXM< £ t {z X ot\ (14) S 

!,^;fc#>&*l£^-e^ Xfy^s 1 6^stir 0 
[0 116] 
[^11] 

« -2-2nr 2 +2-Pxn 2 +Pyn 2 + Pzn 2 

cosQ 3 = - ••• (14) 

4 • nr 

[0 117] 

7 7°s 1 6-et±, ^ry/s 1 4 co (8) ^-e^i67t:^ 5 ©7- A# e 5 
(OftSfitp5<7)xliiPxn, y ziPHitP y n, yzitfiPzn^ * 
r-yy's 1 5-e*#>/cfll -^3^JgQ i~Q 3 ^TFir^zitXir h z\ t J: o 
t, fill ~S3^JtQ i - Q3«^s:H ? f^o 8fc«Mi, @^ 
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y 7°s 1 7 £31 fro 
[0 118] 

1 7t:ii. '^s 1 6t:^i67 , i^flfi^T ? ;i/<7)^ 1 HfQ 
1 3 *&M*:7*)\'<r>% 1 ~~m3ft%. q l - q 3 K^&1~&o ^^cos 
q 3ii> ^-e^^$tL-2> 0 (15) (17) ^HioV^-Ca ti. ff!3 <7)T 

-A#e 3 t!4 (7)T-A#e 4 t(Dm&m$.L 3^T-A#e 3 , e 4 £2} 

[0 1193 
[^1 2 3 

cosq 3 = (coseca) 2 cosQ 3 -(cota) 2 ••• (15) 

[0 12 03 

iuf cosec a > h (DW.%7FiTo itz c o t a (i. ^ ^ > 

yx> h<7)jg^^i- 0 !§Miffi^T^<7)ifl3^EQ 3 £ (15) $:KiX\1r Z> Z. t K 
lot, S*s^7"^^i3lt^^3^Eq 3 t^ti^o 
Jf;cos q2i3iO f s i n q 2^ ^ (16) 5£K ± oTjfca& £>*l& 0 
[0 12 13 
[#13] 

cos q 2 =-(cota(l-cos q 3 sinQ 2 + coseca cosQ 2 sin q 3 )sinQ 3 /D 2 
sin q 2 = coseca(cosacosQ 2 (l-cosQ 3 )-sinQ 2 sinQ 3 )sinQ 3 /D 2 

- (16) 

[0 12 23 

ii-CD 2 ii> ( 1 7) 5UC iot4Af)^o 

[0 12 33 
[mi 4 3 

D 2 = (cosa) 2 (l -cos q 3 ) 2 +(sin q 3 ) 2 ••• (17) 

[0 12 43 
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